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(54) METHOD OF MONOMERIZING HUMAN SERUM ALBUMIN POLYMERS 



(57) A method for converting a multimer bt human, 
serum albumin into monomers thereof comprises the 
step of treating the multimer with an alkaline solution. 
This method permits the efficient and quite simple con- 
version of human serum albumin multimers into mono- 
mers thereof at a low cost. 

A method for preventing the uncorrected holding of 
human serum albumin during a process for converting 
a multimer of human serum albumin into monomers 
thereof by treating the multimer with an alkaline solution, 
comprises the step of treating the human serum albu- 
min-containing solution with the alkaline solution in the 
presence of an SH group-containing compound. This 
method permits the efficient inhibition of any intra-mo- 
lecular or inter-molecular uncorrected holding of human 
serum albumin, which is specifically caused In an oxi- 
dative atmosphere during the process for preparing 
HSA from the plasma or the process for preparing rHSA 
according to the gene recombination technique. More- 
over, the method likewise permits the preparation of 
high purity human serum albumin having a reduced con- 



tent of. a hovel substance, which is formed through the 
uncorrected holding of human serum albumin and be- 
comes a cause of side effects such as allergy observed 
when it is administered to a patient. 
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Description 
Technical Field 

. 5 [0001 ] The present invention relates to a method for converting a multimer of human serum albumin into monomers 
thereof. More specifically, the present invention pertains to a method for converting, into monomers ; a multimer of 
human serum albumin, which is generated during the production of human serum albumin from the human plasma as 
a raw material therefor or during the production of human serum albumin according to the gene recombination tech- 
nique, the method comprising the step of treating the multimer with an alkaline solution (hereunder also referred to as 
10 "alkali-treatment"). 

[0002] The present invention also relates to a method forpreventing the uncorrected holding of human serum albumin 
formed through the foregoing treatment with an alkaline solution, which is caused due to the formation of incorrect 
inter-molecular or intra-moiecular disulfide bonds, the method comprising the step of addition of an SH group -containing 
compound. 

15 

Background Art 

[0003] Human serum albumin (hereunder also referred to as "HSA") is a principal protein component present in the 
plasma, consists of a single chain polypeptide comprising 585 amino acid residues and has a molecular weight equal 

20 to about 66,000 Daiton (see Minghetti, P. P. et al. (1986), Molecular structure of the human albumin gene is revealed 
by nucleotide sequence within 11-22 of chromosome 4. J. Biol. Chem. 261, pp. 6747-6757). It has been known that 
the principal roles of HSA are not only to maintain the normal osmotic pressure of the blood, but also to bind with a 
variety of substances such as calcium ions, fatty acids, bilirubin, tryptophan and drugs possibly present in the blood, 
thereby playing a role of a carrier for transporting these substances. Purified HSA has been used in, for instance, the 

25 postoperative treatment after surgical operations and the treatment of hypoalbuminemia caused due to the loss of 
albumin such as hemorrhagic shock, bum and nephrotic syndromes. 

[0004] Conventionally, HSA has been prepared by subjecting the human plasma to the low temperature ethanol- 
fractionation method of Cone or any method similar thereto to give HSA-containing fractions (HSA is fractionated in 
the fraction V) and then purifying the fraction through the use of a variety of purification techniques. Moreover, there 
30 has recently been developed a method in which the human plasma is not used as a raw material, for instance, a 
technique for producing human serum albumin using yeast, Escherichia coli or Bacillus subtilisceWs, while making use 
of the gene recombination technique. 

[0005] These gene recombination techniques are detailed in (1 ) Production of Recombinant Human Serum Albumin 
from Saccharomyces cerevisiae; Quirk, R. et al. Biotechnology and Applied Biochemistry, 1989, 11 : 273-287, (2) Se- 
35 cretory Expression of the Human Serum Albumin Gene in the Yeast, Saccharomyces cerevisiae^ Ken Okabayashi et 
al, J. Biochemistry, 1991 ,110: 103-110, (3) Yeast Systems for the Commercial Production of Heterologous Proteinsf 
Richard G. Buckholz and Martin A. G. Gleeson, Bio/Technology, 1991, 9: 1067-1072 forthe yeast, (4) Construction of 
DNA sequences and their use for microbial production of proteins, in particular, human serum albumin; Lawn, R. M. 
. European Patent Publication No. 0073646A (1983), (5) Synthesis and Purification of mature human serum albumin 
40 from E. coir, Latta, L. et al. Biotech nique,. 18 r 97 v _§: 1^fM314. lor the Escherichia coli (E. co/^, .(6) Secretion^qf human 
• serum albumin from Bacillus subtiiis; Saunders, G. W. etal. J. Bacterid. 1987, 169: 29 17-2925 for trie Bacillus subtiiis. 
[0006] The methods for purifying the human serum albumin usable herein in general include those currently used in 
the protein chemistry such as a salting out method, an ultrafiltration method, an isoelectric precipitation method, an 
electrophoresis method, an ion-exchange chromatography technique, a ge! filtration chromatography technique and/ 
45 or an affinity chromatography technique, indeed, the human serum albumin-containing fraction includes various kinds 
of contaminants originated from, for instance, biological tissues, cells and blood and therefore, the human serum al- 
bumin has been purified by a complicated combination of the foregoing methods. y 
[0007] In the industrial production of human serum albumin, it is inevitable to treat the same under various conditions 
different from environmental conditions observed in the human body and accordingly, multimers of human serum al- 
so bumin are formed. There has not yet been known any such a report that these multimers adversely affect the human 
body in the clinical application of human serum albumin, but there is such a suspicion that these multimers may develop 
a novel antigenicity. For this reason, an upper limit in tho contamination with these multimers is prescribed in the 
standardization test of "human serum albumin" as a pharmaceutical agent from the viewpoint of the safety thereof as 
a medicine and therefore, it becomes an important problem, in the production of a pharmaceutical preparation con- 
55 taining the same, to substantially reduce the content of such multimers in the preparation. 

[0008] There have been reported several methods for removing the multimers generated during the process for the 
production of human serum albumin. For instance, Journal of Applied Biochemistry, 1983, 5: 282-292 discloses that 
HSA having a purity of 99% and an aggregate (synonymous with ''multimer") content of not more than 1 % was obtained 
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by subjecting the fraction V, prepared according to the ethanol-fractio nation of the plasma, to a combination of a variety 
of chromatography techniques (such as Sephadex G-25, DEAE- and CE-Sepharose CL-6B and Sephacryl S-200); 
and Japanese Patent Application Serial No. Sho 63-265025 and Japanese Un-Examined Patent Publication No. Hei 
2-111728 discJose a method comprising the steps of adding a stabilizer to the fraction V, heat-treating the resulting 
5 mixture (at a temperature ranging from 50 to 70°C for 1 to 1 0 hours) and then subjecting the mixture to the ammonium 
sulfate precipitation technique, the polyethylene glycol fractionation technique or the isoelectric precipitation technique 
to thus remove any contaminant and multimer of HSA. 

[0009] All of these methods relate to methods for preparing HSA free of any multimer thereof, but the methods 
comprise the step of removing such muitimers of HSA generated during the process for the production of the same 

10 from a solution containing the muitimers. For this reason, the foregoing methods inevitably suffer from a reduction in 
the yield of HSA monomers since they remove and dispose the muitimers of HSA capable of being converted into the 
monomers thereof and they likewise suffer from a decrease in the yield of monomers accompanied by the foregoing 
procedures for removing the muitimers. The HSA-containing pharmaceutical preparation is one, which is administered 
to a patient in a large amount and accordingly, should be supplied in a substantially greater amount as compared with 

15 other protein-containing pharmaceutical preparations. Consequently, there has been desired for the development of 
a method for preparing HSA whose multimer content is reduced to a level as low as possible in a higher yield, from 
the industrial standpoint. 



20 



Disclosure of the Invention 



[0010] Accordingly, a first object of the present invention is to provide a method for preparing human serum albumin, 
which permits the efficient conversion of the muitimers of human serum albumin that are removed and disposed in the 
conventional methods, into the monomers thereof. 

[0011] It is a second object of the present invention to provide a method for preventing any intra-molecular uncor- 
25 rected holding of a human serum albumin molecule or any inter-molecular uncorrected holding between human serum 
albumin molecules or between a human serum albumin molecule and other contaminants, formed during a treatment 
with an alkaline solution (including, for instance, chromatography) in the process for preparing the human serum al- 
bumin. 

[0012] it is a third object of the present invention to provide a human serum albumin product having a high safety as 
30 a medicine. 

[0013] The inventors of this invention have conducted various studies, while taking into consideration the foregoing 
present status of the art and have found that if an aqueous multimer-containing HSA or rHSA (gene recombinant HSA) 
solution is allowed to stand over an appropriate period of time under an alkaline condition, the muitimers can be con- 
verted into the monomers of HSA. The inventors have further found that in the foregoing treatment with an alkaline 
35 solution, the addition of an SH group-containing compound such as cysteine to the processing liquid would permit the 
inhibition of the occurrence of any intra-molecular and/or inter-molecular uncorrected holding of HSA. 
[0014] The present invention has been completed on the basis of the foregoing findings. 

[0015] According to a first aspect of the present invention, there is provided a method for converting a multimer of 
human serum albumin into monomers thereof wherein the multimer is treated with an alkaline solution. 
' 4G [0016] According L^.a oecoivd a&pcCt of the present invention, there is provided a method for converting a mul timer 
of human serum albumin into monomers thereof wherein the multimer is treated with an alkaline solution in the presence 
of an SH group-containing compound. 

[0017] According to a third aspect of the present invention, there is provided a method for preventing the uncorrected 
holding of human serum albumin during a process for converting a multimer of human serum albumin into monomers 
45 thereof by treating the multimer with an alkaline solution, wherein the human serum albumin-containing solution is 
treated with the alkaline solution in the presence of an SH group-containing compound. 

[0018] According to a fourth aspect of the present invention, *;. ere is provided an HSA product whose mullimer 
content is reduced to a level as low as possible and which is prepared by a method for converting the multimer of HSA 
into the monomers thereof according to the first aspect of the present invention. 
so [001 9] According to afifth aspect of the present invention, there is provided an HSA product free of any such complex 
and which is prepared by a method according to the second or third aspect of the present invention. 

Brief Description of the Drawings 

55 [0020] Fig. 1 is a photograph showing the results obtained by subjecting, to the SDS-PAGE, samples of a human 
serum albumin-containing solution prepared in Preparation Example 1 before and after the treatment with an alkaline 
solution and then analyzing the samples according to the Western blot technique. In this photograph, the result© 
corresponds to the sample before the treatment with an alkaline solution and the result® corresponds to the sample 
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after the treatment. 

Best Mode for Carrying Out the Invention 

. 5 [0021] The method according to the first aspect of the present invention is characterized in that it comprises the 
steps of, lor instance, adding an alkaline substance to an aqueous solution containing multimers of human serum 
albumin with stirring to thus alkalize the aqueous solution and then allowing the alkaline aqueous solution containing 
the multimers to stand for a certain period of time to thus convert the multimers into the monomers of the human serum 
albumin. This method can appropriately be put into practice once or several times to thus efficiently produce high purity 

10 human serum albumin whose multimer content is reduced to a level as low as passible. 

[0022] The method according to the second aspect of the present invention is characterized in that it comprises the 
steps of making an SH group-containing compound coexist in the alkaline solution used for converting the multimer of 
human serum albumin into the monomers thereof in the process for preparing the human serum albumin. 
[0023] In general, if a protein solution is alkalized, the SH groups present in a protein molecule may sometimes form 

15 an inter-molecular or intra-molecular disulfide bond (including disulfide bond-exchange reactions). At this stage, incor- 
rect disulfide bonds are often formed and this may results in the formation of a protein having a three-dimensional 
structure different from that of the original protein. The formation of this incorrect disulfide bond may occur inter-mo- 
lecularly or intra-molecularly. Therefore, if a variety of contaminants coexist, such disulfide bonds may be formed be- 
tween the protein molecule and the contaminanls to thus form novel substances. The formation of such incorrect 

20 disulfide bond is referred to as "uncorrected holding". If a novel substance is once formed due to this uncorrected 
holding, it is quite difficult and troublesome to remove the same. The novel substance may cause unfavorable side 
effects in the patient who receives the administration of the substance such as allergic reactions due to the expression 
of a novel immunogenicity and other causes. However the second method of the present invention would permit the 
effective inhibition of the occurrence of any intra-molecular or inter-molecular uncorrected holding of human scrum 

25 albumin, which may be caused when alkalizing a human serum albumin-containing solution, and in turn permits the 
production of human serum albumin having a higher purity. 

[0024] Sources of multimers of human serum albumin usable in the present invention are not limited to specific ones 
and may be, for instance, those produced from the HSA derived from the plasma or the HSA produced by the gene 
recombination technique (hereunder also referred to as "rHSA"), which can be subjected to the alkali treatment of the 

30 present invention. The multimers of HSA and rHSA will hereunder simply be referred to as "multimer(s)\ 

[0025] When preparing HSA from the plasma, it would be predicted that the multimer might be formed in each step, 
but aqueous multimer-containing solutions obtained in any such step may be used in the invention. Examples of such 
aqueous solution are an aqueous solution of the fraction V obtained through the low temperature alcohol-fraetionation 
and multimer-containing aqueous solutions generated in the subsequent various purification steps (such as chroma- 

55 tography and heat-treatment) of the fraction V. 

[0026] The multimer-containing aqueous solutions generated in the various steps for preparing rHSA can likewise 
be used in the present invention. Specific examples thereof are culture broth of rHSA-producing host cells and multimer- 
containing aqueous solutions generated in the subsequent various purification steps (such as chromatography and 
heat-treatment) for the culture broth : In this respect, the term "culture broth" used herein includes the culture broth in 

40 which the foregoing host cells are cultivated, an„d crushed h ostcejl -co ntainjng liquids, wherein the host cells are crushed . 
by any currently used method. - ■- - 

[0027] The host cells used for the production of rHSA are not restricted to specific ones inasmuch as they can produce 
rHSA and examples thereof include yeast cells, bacterial cells, animal cells and plant cells, with yeast cells being 
preferably used herein. 

45 [0028] When the multimers present in an HSA or rHSA-containing solution are treated with an alkaline solution in 
the process for the production of human serum albumin, the concentration of HSA or rHSA is not limited to any specific 
one insofar as it is in the dissolved state, but the concentration thereof is preferably not more th&n 100 mg/ml. 
[0029] The pH value of the alkaline solution used for converting the multimers of HSA or rHSA into the monomers 
thereof preferably ranges from 8 to 11 ? more preferably 8.5 to 9.5 and most preferably 9.0. 

so [0030] Chemical substances used for the alkalization of the pH value of the liquid used for the alkali-treatment are 
not restricted to specific ones. Examples thereof include one or at least two members selected from the group consisting 
of alkaline organic compounds and alkaline inorganic compounds. Specific examples thereof are ammonia, ammonium 
salts, basic metal hydroxides (such as sodium hydroxide and potassium hydroxide), borates, phosphates, acetates, 
oxalates, citrates, tris-hydroxyaminom ethane and mixtures of at least two of these substances. 

55 [0031] Such chemical substances are used in a concentration, which never causes any modification of HSA or rHSA 
and which may vary depending on the concentration of the multimer-containing aqueous solution. 
[0032] The multimers of human serum albumin is converted into the monomers thereof by alkalization of the aqueous 
multimer-containing solution and then allowing the solution to stand over a predetermined period of time, preferably 
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not less than 15 minutes and more preferably not less than 3 hours. In this method, the time required for allowing the 
solution to stand does not have any particular upper limit. 

[0033] The temperature of this alkali-treatment is not likewise be restricted to any specific one inasmuch as it never 
causes any modification or denaturation of HSA and rHSA and it ranges, for instance, from 0 to 65°C. preferably 10 
to 40°C and more preferably room temperature (about 25°C). 

[0034] The SH group-containing compounds to be added to the HSA or rHSA solution upon the alkali-treatment 
thereof are not restricted to particular ones inasmuch as they are compounds each having an SH group : but preferred 
are low molecular compounds each having an SH group. Specific examples thereof include cysteine, cysteamine, 
cystamine and methionine, with cysteine being preferably used herein. The SH group-containing compound is added 
to the HSA or rHSA solution in a final concentration preferably ranging from 0.1 to 50 mM, more preferably 0.2 to 15 
mM and most preferably 0.5 to 5 mM, with respect to the HSA or rHSA concentration ranging from 1 to 1 00 mg/ml. 
[0035] In case of the production of human serum albumin according to the gene recombination technique, a culture 
broth in which rHSA-secreting host cells are cultivated or a crushed host cell-containing liquid obtained immediately 
after crushing of the rHSA-producing host cells is centrifuged at a low spin rate and then rHSA in the centrifuged product 
is highly purified by a variety of purification methods such as a cation-exchange, anion-exchange, gel filtration, salting 
out, chelate chromatography, hydrophobic chromatography or adsorption chromatography technique or any combina- 
tion thereof. 

[0036] Alternatively the HSA derived from the plasma is purified by, for instance, subjecting the human plasma to 
low temperature ethanol-fraclionalion to give a fraction V containing aboul 90% or HSA, and then treating the fraction 
V while making use of the foregoing purification methods. The plasma is sometimes subjected to a heat-treatment prior 
to the low temperature ethanol-fraetio nation in order to prevent any decomposition by the action of a protease. 
[0037] The first method of the present invention may be used in any step of the foregoing process for preparing HSA 
or rHSA. Preferably, it is effective to treat the muitimers thereof generated after the step for treating a human serum 
albumin solution at a pH value of not more than 5 f for instance., cation-cxchangc chromatography and/or anion-ex- 
change chromatography steps, to thus convert them into the monomers of human serum albumin. 
[0038] The second method of the present invention may likewise be used in any step of the foregoing process for 
preparing HSA or rHSA. Preferably, it is effective to use the second method when treating, with an alkaline solution, 
the muitimers generated after the step for treating a human serum afbumin solution at apH value of not more than 5, 
for instance, cation -exchange chromatography and/or anion-exchange chromatography steps to thus convert them 
into the monomers of the human serum albumin. 

Examples 

Preparation Example 1: Preparation of a Solution of Multimer-Containing Human Serum Albumin 

[0039] According to the method disclosed in TOKUHYO Hei 1 1 -509525, rHSA was produced using yeast cells {Sac 1 
charomyces cerevisiae). This rHSA-containing culture broth was diluted with purified water to a total volume of about 
two times that of the original one and then the pH value of the diluted solution was adjusted to 4.5 using an aqueous 
acetic acid solution. Then the solution was loaded onto STREAMLINE SP Column (available from Amersham Phar- 
- iniacia Oiuieuii Company, diameter 80 cm x 13 cm), which had been equilibrated with a"50 mM sodiunr acetate Umer - •- 
solution (pH4.5) containing 50 mM sodium chloride. Thereafter, the column was washed with a buffer solution identical 
to that used for equilibrating the column, followed by passing, through the column, a 50 mM phosphate buffer solution 
(pH 9.0) containing 300 mM sodium chloride to give rHSA-containing fractions. 

Example 1 : Conversion of rHSA Muitimers into Monomers Using Borate 

[0040] To 10 ml of a 10% rHSA aqueous solution cqr.iaining 14.90% of muitimers prepared according to the proce- 
dures used in Preparation Example 1, there was added 15 ml of a 5% (w/v) dipotassium tetraborate and the final 
concentration of the latter was adjusted to 3% (pH about 9.0). Subsequently, the resulting solution was allowed to stand 
at room temperature for 3 hours, while collecting samples at appropriate intervals and then subjected to high perform- 
ance liquid chromatography using a gel filtration column: TSKgel G300SW (available from Tosoh Corporation), which 
had been equilibrated with a 0.1 M KH 2 PO 4 /0.3 M NaCI buffer solution. Then the content of the albumin muitimers 
present in the solution was calculated on the basis of the results thus obtained. The conversion of the muitimers into 
the monomers proceeded along the alkali -treatment over 3 hours. This clearly demonstrates that this method is quite 
effective for the conversion of the rHSA muitimers into the monomers thereof (see Table 1 given below). 
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Table 1 



. 5 





0 hr 


1 hr 


2hr 


3 hr 


Monomers (%) 


B5.10 


96.00 


96.50 


97.00 


Multimers (%) 


14.90 


4.00 


3.50 


3.00 



Example 2: Conversion of rHSA Multimers into Monomers Using 0.5 M Sodium Hydroxide Solution 

10 [0041] To 50 mi of a 1 0% rHSA aqueous solution containing 26. 1 0% multimers prepared according to the procedures 
used in Preparation Example 1 , there was added 2.8 ml of a 0.5 M aqueous sodium hydroxide solution and then the 
pH value of the mixture was adjusted to about 9. Subsequently, the resulting solution was allowed to stand at room 
temperature for3 hours : while collecting samples at appropriate intervals and then subjected to high performance liquid 
chromatography using a gel filtration column: TSKgel 300SW (available from Tosoh Corporation), which had been 

15 equilibrated with a 0.1 M KH 2 PCyo.3 M NaCI buffer solution. Then the content of the albumin multimers present in the 
solution was calculated on the basis of the results thus obtained. The conversion of the multimers into the monomers 
proceeded along the alkali-treatment over 5 hours. This clearly demonstrates that this method is quite effective for the 
conversion of the rHSA multimers into the monomers thereof (see Table 2 given below). 

20 Table 2 



25 





Ohr 


0.25 hr 


1 hr 


2 hr 


3 hr 


4hr 


. 5hr 


Monomer (%) 


73.90 


84.70 


85.00 


86.50 


86.60 


86.80 


87.00 


Multimer {%) 


26.10 


15.30 


15.00 


13.50 


13.40 


13.20 


13.00 



Example 3 

[0042] To 50 mi of the rHSA-containing fraction prepared according to the procedures used in Preparation Example 
1 , there were added cysteine to a final concentration ranging from 0 to 15 mM and 2.8 ml of a 0.5 N sodium hydroxide 
solution for controlling the pH of the resulting solution to about 9.0 ; followed by allowing the solution to stand at room 
temperature for 5 hours. Then an aqueous acetic acid solution was added to the solution to adjust the pH value thereof 
to 7.0 and to complete the alkaline solution treatment. Then the solution was subjected to SDS-PAGE (1 0-20% gradient 
gel) and Western blotting according to the usual methods. Thereafter, goat anti-human serum albumin and anti-goat 
IgG-HRP conjugate were used as a primary antibody and secondary anlibody, respectively and the products separated 
through the electrophoresis were Irealed by the chemiluminescence technique to thus emit light, transferred to a filrrt 
and then developed. Fig. 1 shows the results obtained by analyzing the samples of the human serum albumin -containing 
solution free of any added cysteine according to the Western blot technique before and after the treatment with an 
alkaline solution. In the sample® , which had been treated with an alkaline solution, there was observed a band 
ascribed to intra-molecular uncorrected holding of rHSA, at a molecular weight of about 68,000. This band observed 
for each sample obtained after treating with an alkajine solution in the presence .of cysteine in a variety of condensations 
was stained with Coomassie and the density of each band was determined using software for analysis (Collage Ver. 
3). The results thus obtained are summarized in the following Table 3. Each numerical value represents a value relative 
to the density observed for a sample free of any cysteine, which is defined to be 100%. 



Table 3 



Cysteine Cone. 
(mM) 


Rate of Multimers Formed 
(Band Density Ratio) 


0 


100 


0.2 


15 


1 


4 


5 


4 


15 


0 



[0043] The results listed in Table 3 clearly indicate that the intra-molecular uncorrected holding of human serum 
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albumin can effectively be controlled by carrying out the alkali-treatment in the coexistence of cysteine. 
[0044] According to the first method of the present invention, the quite simple and cost-saving alkali-treatment would 
permit the efficient conversion of human serum albumin multimers, which have been removed and discarded in the 
conventional techniques, into monomers thereof. As a result the content of the multimers in pharmaceutical prepara- 
* 5 tions can be reduced to a level identical to or lower than those achieved by the conventional techniques and the present 
invention can thus provide a highly safe human serum albumin-containing pharmaceutical preparation. 
[0045] According to the first method of the present invention, the multimers of human serum albumin can be converted 
into the monomers thereof and the monomers can be recovered simply by subjecting the murtimers to an alkali-treat- 
ment and therefore, the method never suffers from any loss of human serum albumin unlike the conventional methods 
10 in which the multimers are removed. This Indicates that the method of the invention permits the recovery of human 
serum albumin monomers in a high yield. Accordingly, the method of the present invention would permit the substantial 
reduction of the production cost of human serum albumin. 

[0046] The second method of the present invention permits the efficient inhibition of any intra-molecular or inter- 
molecular uncorrected holding of human serum albumin, which is specifically caused in an oxidative atmosphere during 
15 the process for preparing HSA from the plasma or the process for preparing rHSA according to the gene recombination 
technique. 

[0047] Moreover, the method of the present invention permits the preparation of high purity human serum albumin 
having a reduced content of a novel substance, which is formed through the uncorrected holding of human serum 
albumin and becomes a cause of side effects such as allergy observed when il is administered to a patient. 

20 

Claims 

1 . A method forconvcrting a multimer of human serum albumin into monomers thereof wherein the multimer is treated 
25 with an alkaline solution. 

2. A method for converting a multimer of human serum albumin into monomers thereof wherein the multimer is treated 
with an alkaline solution in the presence of an SH group-containing compound. 

30 3. A method for preventing the uncorrected holding of human serum albumin during a process for converting a mul- 
timer of human serum albumin into monomers thereof by treating the multimer with an alkaline solution, wherein 
the human serum albumin-containing solution is treated with the alkaline solution in the presence of an SH group- 
containing compound. 

35 4. The method of claim 2 or 3, wherein the concentration of the SH group-containing compound ranges from 0.1. to 
50 mM. 

5. The method of claim 4, wherein the concentration of the SH group-containing compound ranges from 0 .2 to 1 5 mM . 
"' 4u- ■ 6. The meiiToU of claim*5 : wherebi the concentration . 

7. The method as set forth in any one of claims 2 to 6, wherein the SH group- containing compound is a low molecular 
compound. 

45 8. The method as set forth in any one of claims 2 to 7, wherein the SH group- containing compound is a member 
selected from the group consisting of cysteine, cysteamine, cystamine, and methionine. 

9. The method as set forth in any one of claims 1 to 8, wherein the human serum albumin is recombinant human 
serum albumin produced by gene recombination. 

so 

10. The method of claim 9, wherein the pH value of the alkaline solution ranges from 8 to 11 . 

11. The method of claim 10, wherein the pH value of the alkaline solution ranges from 8.5 to 9.5. 

55 12. The method of claim 11 , wherein the pH value of the alkaline solution is 9.0. 

13. The method as set forth in any one of claims 1 to 12, wherein the treatment with the alkaline solution is carried 
out for not less than 1 5 minutes. 
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14. The method of claim 13, wherein the alkaline treatment Is carried out for a time ranging from 2 to 8 hours. 

15. The method of claim 14, wherein the alkaline treatment is carried out for a time ranging from 3 to 4 hours. 

5 16. The method as set forth in any one of claims 1 to 15, wherein the treatment with the alkaline solution is carried 
out at a temperature ranging from 0 to 65°C. 

17. The method of claim 16, wherein the alkaline treatment is carried out at room temperature. 

10 18. The method as set forth in any one of claims 1 to 17, wherein the alkaline solution is prepared from a substance 
selected from the group consisting of alkaline organic compounds and alkaline inorganic compounds. 

19. The method as set forth in any one of claims 1 to 1 8, wherein the alkaline solution is prepared from a substance 
selected from the group consisting of ammonia, ammonium salts, basic metal hydroxides, borates, phosphates, 

15 acetates, oxalates, citrates, tris-hydroxyaminomethane and mixtures of at least two of these substances. 

20. The method as set forth in any one of claims 1 to 1 9, wherein the alkaline solution is prepared from a substance 
selected from the group consisting of ammonia, sodium hydroxide, potassium hydroxide, boric acid, borates, tris- 
hydroxyaminomethane and mixtures of at leasl two of these substances. 
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